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ABSTRACT
We present multi-epoch Very Long Baseline Array (VLBA) H2O maser obser-
vations toward the massive young stellar objects (YSOs) VLA 2 and VLA 3 in the
star-forming region AFGL 2591. Through these observations, we have extended the
study of the evolution of the masers towards these objects up to a time span of∼ 10 yrs,
measuring their radial velocities and proper motions. The H2O masers in VLA 3, the
most massive YSO in AFGL 2591 (∼ 30–40 M⊙), are grouped within projected dis-
tances of . 40 mas (. 130 AU) from VLA 3. In contrast to other H2O masers in
AFGL 2591, the masers associated with VLA 3 are significantly blueshifted (up to ∼
30 km s−1) with respect to the velocity of the ambient molecular cloud. We find that
the H2O maser cluster as a whole, has moved westwards of VLA 3 between the 2001
and 2009 observations, with a proper motion of ∼ 1.2 mas yr−1 (∼ 20 km s−1). We
conclude that these masers are tracing blueshifted outflowing material, shock excited
at the inner parts of a cavity seen previously in ammonia molecular lines and infrared
images, and proposed to be evacuated by the outflow associated with the massive
VLA 3 source. The masers in the region of VLA 2 are located at projected distances
of ∼ 0.7′′ (∼ 2300 AU) north from this source, with their kinematics suggesting that
they are excited by a YSO other than VLA 2. This driving source has not yet been
identified.
Key words: ISM: individual (AFGL 2591) — ISM: jets and outflows — masers —
stars: formation
1 INTRODUCTION
AFGL 2591, located at a distance of 3.3 kpc (Rygl et al.
2012), is one of the most extensively studied and more lu-
minous high-mass star forming regions (e.g., van der Tak et
al. 2006; Jime´nez-Serra et al. 2012; Sanna et al. 2012; John-
ston et al. 2013; Trinidad et al. 2013). It contains several
massive young stellar objects (YSOs) over a region of ∼ 6′′
⋆ E-mail: torrelles@ieec.cat
(∼ 0.1 pc) detected at infrared and radio continuum wave-
lengths (VLA 1, VLA 2, and VLA 3), but completely ob-
scured at optical wavelengths (e.g., Campbell 1984; Trinidad
et al. 2003). Water maser emission, which is one of the first
observed signposts of high-mass star formation, has been
detected toward VLA 2, VLA 3, and ∼ 0.5′′ (∼ 1650 AU)
north of VLA 3 (Tofani et al. 1995; Trinidad et al. 2003).
Very recent works by Sanna et al. (2012) and Trinidad et al.
(2013) show that the cluster of masers observed to the north
of VLA 3 (named as VLA 3-N) is formed by two bow shocks
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separated by ∼ 0.1′′ (∼ 330 AU), and moving away from
each other with velocities of ∼ 20 km s−1. These authors
conclude that in between the two bow shocks lie one or two
still unseen YSO(s) driving the H2O masers.
VLA 3 is probably the most massive object (∼ 30–40
M⊙) dominating the infrared and mm wavelength emission
in the AFGL 2591 star-forming region (Tofani et al. 1995;
Doty et al. 2002; Sta¨uber et al. 2005; Jime´nez-Serra et al.
2012; Sanna et al. 2012). VLA 3 is embedded within a high-
density (∼ 106 cm−3), hot (∼ 200 K) core as observed in
dust continuum and different molecular species (van der
Tak 1999; Jime´nez-Serra et al. 2012). The molecular core
shows a chemical segregation (Jime´nez-Serra et al. 2012),
with species like H2S and
13CS peaking close (∼ 0.2′′, or ∼
600 AU) to the massive YSO, and species like HC3N, OCS,
SO2, SO, and CH3OH peaking at larger distances (∼ 0.4
′′, or
1100 AU). Jime´nez-Serra et al. (2012) modelled these results
through the combination of molecular UV photodissociation
and high-temperature gas-phase chemistry within a molec-
ular region of ∼ 600 AU radius, with an innermost cavity
of 120 AU radius around the central massive object. The
presence of a cavity extending westwards of VLA 3 has also
been inferred from ammonia molecular lines and near and
mid-infrared data, showing in particular an IR-loop with
the YSO at one edge (Forrest & Shure 1986; Torrelles et al.
1989; Preibisch et al. 2003). It is believed that this cavity
has been evacuated by the extended east-west bipolar out-
flow associated with VLA 3 and seen in CO and H2, with
the blueshifted outflowing molecular gas found westwards of
VLA 3 (Mitchell et al. 1992; Tamura & Yamashita 1992).
Very Long Baseline Interferometry (VLBI) techniques
for observing H2O maser emission allow the study of the
three-dimensional velocity distribution (proper motions and
radial velocity) of the masing gas very close to the massive
YSOs, with an angular resolution better than ∼ 1 mas (e.g.,
Goddi et al. 2006; Torrelles et. al. 2011; Chibueze et al. 2012;
Kim et al. 2013). Sanna et al. (2012) carried out multi-epoch
VLBI H2O maser observations in 2008-2009, revealing the
kinematics of the masers toward AFGL 2591 VLA 3. These
observations indicate that the masers trace the edges of a
blueshifted expanding cavity created by an outflow from the
central massive object.
In this work we present Very Long Baseline Array
(VLBA) H2O maser observations toward the high-mass star
forming region of AFGL2591 obtained in 2001-2002 over
three epochs, with an angular resolution of ∼ 0.45 mas (Sec-
tion 2). As part of these observations, we have already pre-
sented and discussed in a previous paper the results obtained
toward AFGL2591 VLA 3-N (Trinidad et al. 2013; hereafter
Paper I). We now concentrate on the spatio-kinematical dis-
tribution of the cluster of masers detected toward the mas-
sive objects AFGL2591 VLA 2 and VLA 3, extending the
study of the evolution of these masers from 1999 (VLA data;
Trinidad et al. 2003), 2001-2002 (VLBA data; this paper),
to 2008-2009 (VLBA data; Sanna et al. 2012), covering a
time span of ∼ 10 years of their evolution (Section 3). The
main conclusions of our studies are presented in Section 4.
2 OBSERVATIONS
The 616–523 H2O maser transition (rest frequency =
22235.08 MHz) was observed with the VLBA of the Na-
tional Radio Astronomy Observatory (NRAO)1 toward
AFGL 2591 at three epochs, 2001 December 2, 2002 Febru-
ary 11, and 2002 March 5. A bandwidth of 8 MHz sam-
pled over 512 channels (spectral resolution of 15.625 kHz =
0.21 km s−1) and centred on VLSR = −7.6 km s
−1 was used,
covering a radial velocity range from VLSR ≃ −61 km s
−1 to
46 km s−1. A full description of the set-up of the VLBA ob-
servations, amplitude and phase calibration of the observed
visibilities, and further imaging of the maser emission using
the NRAO Astronomical Image Processing System (AIPS)
package are extensively explained in our previous Paper I.
Several clusters of masers were detected in the three
epochs of VLBA observations with a beam of ∼ 0.45 mas
toward VLA 2, VLA 3, and ∼ 0.5′′ north of VLA 3 (named
as VLA 3-N after Paper I). As a reference, in Figure 1 we
show a 3.6 cm wavelength continuum contour map of the
sources in the region obtained with the Very Large Array
(Trinidad et al. 2003). In Figure 1 we also show the H2O
maser spectra observed with the VLBA toward VLA 2,
VLA 3, and VLA 3-N in 2001 December 02 (the spectra
observed with the VLBA in the two other epochs are simi-
lar to those shown here for the first epoch). The H2O maser
emission in all the AFGL 2591 region spans a radial veloc-
ity range from VLSR ≃ −31 to −2 km s
−1. More specifically,
the H2O maser emission is detected in the radial velocity
ranges from VLSR ≃ −12 to −6 km s
−1 in VLA 2, −31 to
−16 km s−1 in VLA 3, and −13 to −2 km s−1 in VLA 3-N
(see Figure 1). The rms noise level of the images is in the
range of ∼ 5 mJy beam−1 (channels without emission) to
∼ 300 mJy beam−1 (channel with the strongest emission, ∼
196 Jy beam−1 at VLSR ≃ −24 km s
−1).
We determined the position, intensity, and radial veloc-
ity of all the maser spots in the region for the three observed
epochs by means of two-dimensional elliptical Gaussian fits.
We refer to a maser spot as emission that appears at a given
velocity channel with a signal-to-noise (S/N) ratio & 8 and
with a distinct spatial position for a particular epoch. The
1σ accuracy in the relative positions of the maser spots at
each epoch is better than ∼ 0.01 mas, estimated from the
S/N ratio of the maser spots and the beam size (Meehan et
al. 1998). From these maser spots, we then identified maser
features in each of the observed epochs for proper motion
measurements. Here we refer to a maser feature as a group
of maser spots coinciding simultaneously in both, position
within a beam size of ∼ 0.5 mas, and radial velocity within
∼ 1 km s−1.
We chose an isolated maser spot, with a point-like mor-
phology and high intensity (≃ 10 Jy) in all our three ob-
served epochs to self-calibrate the data and to obtain a first
and preliminary coordinate alignment between the three
epochs. This maser, with VLSR = −18.8 km s
−1 and asso-
ciated with VLA 3, has absolute coordinates α(J2000.0) =
20h29m24.879s , δ(J2000.0) = 40◦11′19.47′′ (± 0.01′′). The
procedure to align our set of VLBA epochs with the data set
1 The NRAO is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities,
Inc.
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Figure 1. VLA 3.6 cm continuum contour map of the VLA 1, VLA 2, and VLA 3 sources (top left panel). Plus symbols indicate the
positions of the 22 GHz H2O masers detected in the region with the VLA in epoch 1999 June 29 (from Trinidad et al. 2003). The H2O
maser spectra obtained with the VLBA toward the regions of VLA 2, VLA 3, and VLA 3-N (regions indicated in the top left panel by
dashed squares) are also shown in the other panels for epoch 2001 December 02 (this paper). These spectra were obtained by adding
components from the clean images of the regions with the task ISPEC (AIPS). The spatio-kinematical distribution of the H2O masers
as observed with the VLBA toward VLA 3-N is discussed by Sanna et al. (2012) and Paper I. These authors infer the presence there of
a still unseen YSO(s) driving two observed H2O maser bow-shock structures (see Section 1). The spatio-kinematical distribution of the
masers around VLA 2 and VLA 3 is the subject of this present paper.
of Sanna et al. (2012) (epoch 2008-2009) is explained with
detail in Paper I, and a brief summary is given here. We
identified a maser clearly persisting in the two sets of data
(maser S17 listed by Sanna et al. 2012, which has a relatively
small proper motion, and identified in our data set as maser
ID28, as listed in Table 1 of Paper I). Then, we corrected the
positions of the maser ID28 as a function of time (and there-
fore to all our data set of 2001-2002), assigning them to the
expected locations of the maser S17, from a extrapolation of
its position and proper motions (Sanna et al. 2012), assum-
ing that it has moved with constant velocity through the
time span of ∼ 7 yr. As mentioned in Paper I, the fact that
after this alignment, the whole maser structure observed in
epochs 2001-2002 in VLA 3-N (formed by two bow shocks
separated by ∼ 0.1′′) is within that reported by Sanna et al.
(2012) (epochs 2008-2009), and that the estimated shift in
position of our observed masers in VLA 3-N for a time span
of seven years coincide with the angular separation between
c© 2013 RAS, MNRAS 000, 1–10
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the structures observed in 2001-2002 and those of 2008-2009,
gave this alignment an additional measure of robustness.
All the offset positions of the maser features shown in
the different figures of this paper (Figures 2–5) are rela-
tive to the maser spot position (0,0) used for self-calibrating
the data of the first epoch of our VLBA observations
(α(J2000.0) = 20h29m24.879s , δ(J2000.0) = 40◦11′19.47′′
(± 0.01′′). As mentioned above, this reference maser is asso-
ciated with VLA 3, which has a 3.6 cm continuum peak
position RA (J2000) = 20h29m24.878s , DEC (J2000) =
40◦11′19.49′′ (Trinidad et al. 2003).
In the following Section 3 we present the spatio-
kinematical distribution of the H2O masers associated with
VLA 2 and VLA 3. The results on VLA 3-N were presented
and discussed in Paper I.
3 RESULTS AND DISCUSSION
3.1 AFGL 2591 VLA 3
VLA 3, detected at infrared (Tamura et al. 1991; de Wit
et al. 2009), mm (van der Tak et al. 1999; Jime´nez-Serra
et al. 2012), and cm wavelengths (Campbell 1984; Trinidad
et al. 2003; van der Tak & Menten 2005), is believed to be
the most massive and young object in the AFGL 2591 star-
forming region (Jime´nez-Serra et al. 2012; Sanna et al. 2012).
This source is elongated east-west at cm continuum wave-
lengths, suggesting the presence of an ionised wind driving
the east-west bipolar molecular outflow observed at large
scales (∼ arcminutes; Mitchell et al. 1992; Tamura & Ya-
mashita 1992; Trinidad et al. 2003; van der Tak & Menten
2005; Sanna et al. 2012; Johnston et al. 2013). The source is
deeply embedded in a hot core (visual extinction AV & 20
mag), with molecular gas exhibiting signatures of Keplerian
motions consistent with a mass of ∼ 40 M⊙ of the central
object (van de Wiel et al. 2011; Jime´nez-Serra et al. 2012).
We detected a cluster of masers associated with VLA 3
in our three epochs of VLBA observations (2001 Dec 02,
2002 Feb 11, and 2002 Mar 05). The cluster is extended
north-south over a scale of ∼ 20 mas (∼ 66 AU), with a few
features detected to the north-west. In Figure 2 we show
the positions of the maser features together with their LSR
radial velocity (colour scale) for our three epochs of VLBA
observations. All the velocities of the maser emission associ-
ated with VLA 3 (VLSR ≃ −31 to −16 km s
−1) are consider-
ably blueshifted with respect to the systemic velocity of the
ambient molecular gas of the AFGL 2591 star-forming region
(VLSR ≃ −8 to −6 km s
−1; van der Tak et al. 1989; Jime´nez-
Serra et al. 2012). This behaviour differs significantly from
that of the H2O maser emission toward VLA 2 and VLA 3-
N, where their velocities do not have such large blueshifted
components (VLSR ≃ −12 to −6 km s
−1 in VLA 2, and
−13 to −2 km s−1 in VLA 3-N; see H2O maser spectra
of these regions shown in Figure 1). The large blueshifted
components in the maser emission associated with VLA 3
were also seen in 1999 (VLA data; Trinidad et al. 2003) and
2008-2009 (VLBA data; Sanna et al. 2012), although the
maser emission detected in the 1999 and 2008-2009 epochs
is found over a somewhat more extended region (∼ 40 mas)
than ours. This is shown in Figure 2, where we also plot the
positions and radial velocities of the H2O maser features de-
tected in 1999 (Trinidad et al. 2003) and 2008-2009 (Sanna
et al. 2012). The predominance of blueshifted (as opposed
to redshifted) maser outflows has been discussed recently by
Caswell & Phillips (2008), who conclude that the mechanism
responsible needs further exploration. Motogi et al. (2013)
propose a disc-masking scenario as the origin of the strong
blue-shift dominance, where an optically thick disc obscures
a red-shifted lobe of a compact jet. In the case of VLA 3,
the blueshift predominance could be due to the fact that the
free-free continuum appears to be optically thick at 22 GHz
(Trinidad et al. 2003).
The spatial alignment between our three epochs of
VLBA H2O maser observations and the VLBA observations
from Sanna et al. (2012) was well determined for proper
motion measurements between these two set of data, and
has been extensively explained in our Paper I. The align-
ment with the VLA data shown in Figure 2 (top left panel)
was made by matching the centre of the cluster of masers
observed with the VLA (epoch 1999 June 29) with the cen-
tre of the cluster observed with the VLBA in the closest
epoch (2001 December 02). However, this geometrical cen-
tre may have suffered a spatial displacement between these
two epochs due to proper motions of the masers. For this
reason, we emphasise that the VLA maser alignment with
the VLBA data shown in all figures of this paper is only
valid for a qualitative comparison of the different data sets,
but not for detailed studies of the proper motions.
From Figure 2 we see that there is a displacement of
the H2O maser structure as a whole toward the west be-
tween the 2001-2002 and 2008-2009 epochs. The observed
displacement of ∼ 9 mas corresponds to a proper motion
of ∼ 1.2 mas yr−1 (∼ 20 km s−1) in a time span of seven
years. On the other hand, from about 80 H2Omaser features
that we have found in each of our three observed epochs
(2001-2002), we have only been able to identify 11 maser
features that persist in the three epochs to measure their
individual proper motions. With persisting masers we refer
to those having similar positions (within a few mas) and
radial velocities (within 1−2 km s−1) in the three different
observed epochs. The resulting proper motions of these 11
persisting maser features are shown in Figure 3 with solid
arrows. In Figure 3 we also show the proper motion vec-
tors of 13 H2O maser features measured by Sanna et al.
(2012) for epochs 2008-2009 (dashed arrows). We have not
been able to identify any individual maser feature persisting
from epochs 2001-2002 to 2008-2009 epochs (in contrast to
what we find in VLA 3-N, with individual maser features
persisting over seven years; Paper I). The magnitudes of the
individual proper motions of the maser features range from
∼ 0.5 to 3.6 mas yr−1 (∼ 8 to 60 km s−1). However, we find
that these vectors do not show a preferential motion direc-
tion in the sky. This indicates that while the whole structure
of masers is moving westwards, within it there are individ-
ual H2O masers moving in a chaotic way, with a very short
lifetime in comparison to the scale of seven years, when the
motion of the full structure becomes apparent. This would
be consistent with the fact that only a small percentage of
the maser features identified in the region have been found
to persist in our three consecutive epochs of observations,
implying lifetimes for most of them of . 3 months (see also
below).
Sanna et al. (2012) identified in their VLBA data
(epochs 2008-2009) a V-shaped structure of the H2O maser
c© 2013 RAS, MNRAS 000, 1–10
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Figure 2. Positions of the H2O maser features measured with the VLA (top left: epoch 1999 Nov 10; from Trinidad et al. 2003), VLBA
(top right: epochs 2001-2002; this paper), and VLBA (bottom left: epoch 2008 Nov 10; from Sanna et al. 2012) in AFGL 2591 VLA 3
(see § 3.1). The positions measured with the VLBA in all epochs are also shown all together (bottom right). The colour scale represents
the radial velocity of the masers, and is the same for all the panels. Offset positions are relative to the (0,0) position, RA(J2000) =
20h29m24.879s, DEC(J2000)= 40◦11′19.47′′ (error ±0.01′′), which coincides within the errors with the 3.6 cm continuum peak of VLA 3.
c© 2013 RAS, MNRAS 000, 1–10
6 Torrelles et al.
Figure 3. Positions of the H2O maser features measured with the VLBA in AFGL 2591 VLA 3 for the epochs 2001 Dec 02 (plus signs),
2002 Feb 11 (cross signs), and 2002 Mar 05 (filled circle signs). Solid arrows represent the proper motion vectors of the maser features
measured with the VLBA in these three epochs. The position of the H2O masers (filled triangles) and proper motions (dashed arrows) of
the features measured with the VLBA by Sanna et al. (2012) in epochs 2008-2009 are also shown. The colour scale represents the radial
velocity of the masers, and is the same as shown in Figure 2. The scale of the proper motion vector magnitude is indicated.
c© 2013 RAS, MNRAS 000, 1–10
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Figure 4. Radial velocity as a function of declination offset of the H2O maser features measured with the VLA and VLBA from 1999
to 2008, showing a north-south velocity gradient (see §§ 2 and 3.1 for the alignment of the different epochs). All the maser emission is
significantly blueshifted with respect to the velocity of the ambient molecular gas, VLSR ≃ −6 to −8 km s
−1 (van der Tak et al. 1989;
Jime´nez-Serra et al. 2012).
distribution opening toward the west, with its vertex close
to the peak of the radio continuum emission of VLA 3 (po-
sition [0, 0] in Figure 2; bottom left panel). This structure is
not observed in our VLBA observations (2001-2002), where
the cluster of masers is concentrated closer to VLA 3 (see
Figure 2; top right panel). However, we think that the V-
shaped structure is not a new structure that has appeared
after a time span of seven years. In fact, the VLA H2O maser
observations by Trinidad et al. (2003) also shows signs that
it was already there in 1999, as indicated by the masers
detected then with positions ∼ (−15 mas, +35 mas) and
radial velocities VLSR ≃ −11 km s
−1 (see Figure 2; top left
panel). These masers have similar positions and velocities
than the VLBA masers of epochs 2008-2009 that constitute
the northern part of the V-shaped structure (see Figure 2;
bottom left panel). We therefore think that the absence of
the V-shaped structure in the 2001-2002 epochs is just due
to the well known high time variability of the flux density
of the H2O masers.
An additional, important result is that the masers in all
the observed epochs present a radial velocity gradient from
north to south, from VLSR ≃ −12 km s
−1 (northern regions)
to−30 km s−1 (southern regions), as shown in Figure 4. This
velocity gradient (∼ 0.12 km s−1 AU−1) was also noticed
by Trinidad et al. (2003) and Sanna et al. (2012) in their
respective epochs of observations, although by combining
all the masers detected in all the epochs as shown in Figure
4, this gradient is seen more clearly. However, we notice that
the VLBA data do not show the peculiar velocity-position
helical distribution seen with the VLA in 1999 (Trinidad et
al. 2003).
The large values of the velocities that we find in the
H2O masing region of VLA 3 with respect to the ambient
cloud velocity, with total velocities (tangential + radial ve-
locities) & 40 km s−1, indicate that the masers are tracing
outflowing material. In fact, the central mass required to
gravitationally bind these motions would exceed 200 M⊙,
which is not observed. The westward proper motion of the
whole H2O maser structure associated with VLA 3, in a
time span of seven years (Figure 2), together with their
large blueshifted velocities with respect to the ambient local
medium, suggest a physical relationship between the masers
and the blueshifted motions of the large-scale outflow seen
in CO and H2, found also toward the west (Mitchell et al.
1992; Tamura & Yamashita 1992). Furthermore, the H2O
masers are spatially distributed within a region of ∼ 40 mas
around the radio continuum emission peak of VLA 3 (Fig-
ures 1 and 2), which is located at the edge of the cavity
observed through molecular lines and infrared images ex-
tending ∼ 10′′ (∼ 3.3×103 AU) toward the west (Forrest &
c© 2013 RAS, MNRAS 000, 1–10
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Figure 5. Positions of the H2O maser features measured with the VLBA toward AFGL 2591 VLA 2 (see Fig. 1) for the epochs 2001
Dec 02 (plus signs), 2002 Feb 11 (cross signs), and 2002 Mar 05 (filled circles). Solid arrows represent the proper motion vectors of the
maser features measured with the VLBA in these three epochs. The position of the H2O maser features measured with the VLA by
Trinidad et al. (2003) in epoch 1999 Jun 29 are also shown (asterisks; see §§ 2 and 3.1 for the alignment of the different epochs). The
colour scale represents the radial velocity of the masers. The scale of the proper motion vector magnitude is indicated. VLA 2 is at the
offset position ∼ (−3945 mas, +672 mas), this is ∼ 0.7′′ (∼ 2310 AU) south from the detected masers shown here.
Shure 1986; Torrelles et al. 1989; Preibisch et al. 2003). Due
to all this, we propose that the H2O masers are tracing the
inner parts of the molecular walls of that cavity, very close
(. 130 AU) to the massive YSO, and shock excited and evac-
uated by the east-west outflow, marking a strong interaction
between the outflowing gas from VLA3 and the surrounding
molecular gas (the H2O maser emission would occur behind
shocks propagating in dense regions; Hollenbach, Elitzur, &
McKee 2013). This strong interaction could also contribute
to the high temperatures observed toward VLA 3 (& 200 K)
and measured through ammonia emission (Torrelles et al.
1989).
A rough estimate of upper limits for the coherent path
of the maser emission could be derived if we assume unsat-
urated tubular masers with beaming angles ∆Ω = (d/l)2,
where d and l are the maser transverse and longitudinal
sizes, respectively (e.g., Vlemmings et al. 2006; Surcis et
al. 2011; Hollenbach et al. 2013). As pointed out by Hollen-
bach et al. (2013), beaming angles themselves are unmeasur-
able and can only be inferred indirectly using different ap-
proaches. In this sense, Vlemmings et al. (2006) and Surcis
et al. (2011), through polarisation measurements of the H2O
maser emission and using full radiative transfer codes (based
on the models for H2O masers of Nedoluha & Watson 1992),
obtain beaming angles 10−2 . ∆Ω . 0.5 in different high-
mass star-forming regions. Assuming these beaming angles,
and a transverse size d . 0.45 mas (. 1.5 AU, unresolved
masers) we obtain a path length l . 15 AU. Considering
that the size of the cavity in VLA 3 is ∼ 3.3×103 AU, we
think that the cavity walls could have enough thickness to
provide such a path of coherent velocities (see also Uscanga
et al. 2005).
As mentioned above, all the data available and pre-
sented in this work reveal a radial velocity gradient in the
H2O masers along the north-south direction, with higher
blueshifted velocities to the south with respect to the veloc-
ity of the ambient molecular gas (Figure 4). Interestingly,
Tamura & Yamashita (1992) also find an extinction gradi-
ent along the north-south direction of the IR-loop delineat-
ing the cavity of VLA 3 (Forrest & Shure 1986), with a
higher extinction in the north part of the IR-loop. We think
that this north-south asymmetry, with a lower amount of
gas to the south relative to the north, could produce higher
expansion velocities to the south due to the interaction of
outflowing material from VLA 3 with this non-uniform am-
bient medium, explaining in this way the observed radial ve-
locity gradient in the masers. However, we cannot rule out
other effects that could produce the observed north-south
velocity gradient in the H2O masers (e.g., shock-excited am-
bient molecular gas accelerated by a wind from a precessing
source, as suggested by Trinidad et al. 2003).
3.2 AFGL 2591 VLA 2
We detected H2O maser emission toward VLA 2 in our three
epochs of VLBA observations. The VLBA H2O maser ob-
servations reported by Sanna et al. (2012) did not cover the
region of VLA 2, so unfortunately in this case we are not
able to extend the study of the evolution of the masers be-
yond our epochs of 2001-2002, as it was done in the case of
VLA 3 (Section 3.1).
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In Figure 5 we show the positions of the H2O maser fea-
tures together with their proper motions as measured with
our VLBA observations. The detected H2O masers are lo-
cated ∼ 0.7′′ (∼ 2300 AU) north from the peak position of
the 3.6 cm continuum emission of VLA 2. The proper mo-
tions of the H2O masers are toward the south, with values of
∼ 20–40 km s−1. We identify the clusters of masers detected
with the VLBA with those found with the VLA in 1999 (see
Figures 5 and 1).
The radio continuum emission of VLA 2 is consistent
with a partially optically thick HII region excited by an early
B-type star (Trinidad et al. 2003). The lack of any symme-
try in the spatio-kinematical distribution of the H2O masers
detected in this region, together with the lack of additional
physical information on the characteristics of VLA 2 (e.g.,
there is no apparent outflow activity associated with this
source), makes difficult to establish a firm conclusion on a
possible H2O maser-VLA 2 physical association. A possi-
bility would be that the H2O masers moving southwards
are tracing infalling gas motions around VLA 2, but this
would require a central mass of & 103 M⊙ to bind motions
of & 20 km s−1 at distances of ∼ 2300 AU. This is the rea-
son why we rather favour that the observed H2O masers
in this region are excited by a nearby YSO that has yet
to be identified. We think that new high-sensitive cm and
(sub)mm wavelength continuum observations in the region
could clarify this issue.
4 CONCLUSIONS
We present and analyse multi-epoch VLBA H2O maser ob-
servations toward the massive YSOs AFGL 2591 VLA 2 and
VLA 3. By comparing our data with those previously re-
ported by Trinidad et al. (2003) and Sanna et al. (2012), we
have extended the study of the kinematics of the H2Omasers
in these two regions up to a time span of ∼ 10 yrs. The clus-
ter of masers found within ∼ 40 mas (∼ 130 AU) from the
most massive object in this star-forming region, VLA 3 (∼
30–40 M⊙), is significantly blueshifted with respect to the
ambient molecular cloud, and moving as a whole toward the
west of VLA 3 with a proper motion of ∼ 20 km s−1. VLA 3
and its associated H2O masers are located at the edge of
a cavity of ∼ 10′′ size extending toward the west and seen
previously through ammonia lines and infrared images. We
propose that the masers are tracing blueshifted outflowing
material, shock excited at the inner parts of that cavity evac-
uated by the outflow of VLA 3. This interpretation is fully
consistent with the one proposed previously by Sanna and
collaborators. In addition, we find a radial velocity gradi-
ent in the H2O masers along the north-south direction, with
higher blueshifted velocities to the south. We interpret this
radial velocity gradient as due to the decrease of the amount
of gas to the south, needed to explain the observed lower ex-
tinction in the southern parts.
On the other hand, the spatio-kinematical distribution
of the H2O masers in the region of VLA 2 favours that these
masers are excited by a YSO other than VLA 2. Future, sen-
sitive radio continuum observations could help to discover
this new driving source, as well as the exciting source of the
VLA 3-N system (Sanna et al 2012; Trinidad et al. 2013).
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